























With high resolution 


Design by G. Koskamp, PEISCD .koskam lanet.nl 


This test chart generator was originally designed to display high-resolution 
pictures on amateur television (ATV) for station identification, but of 
course it can also be used to generate any other test pattern. These can 
be downloaded into the generator using the serial port on a computer. 
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From the above description, you can 
gather that this is a general-purpose 
circuit. The only restriction of the 
test chart generator is that it only 
has limited support for generating 
multi-burst signals. 

The generator has a resolution of 
625 x 576 pixels in high-resolution 
mode and 625 x 288 pixels in low- 
resolution mode with 32768 colours. 
The PC image-loader program auto- 
matically scales the image to one of 
these resolutions. Since these aren't 
quite the correct screen proportions, 
the program assumes that a resolu- 
tion of 720 x 576 pixels has the right 
proportions. If you want to make an 
image fill the screen completely it 
therefore has to be at a resolution of 
720 x 576. When an image with a dif- 
ferent resolution is loaded it will 
appear with black bars at the top 
and bottom, or at both sides. 

Two programmed processors 
have been used in this circuit. These 
can be obtained ready-programmed 
from Elektor Electronics Readers Ser- 
vices, or the software can be down- 
loaded from www.elektor-electron- 
ics.co.uk. 


Operation 


Since this is a sizeable circuit, we 
have made a block diagram (see Fig- 
ure 1), where all the different func- 
tional blocks are easily recognisable. 
The IC numbers within the blocks 
refer to the relevant components in 
the main circuit diagram. It would 
help if you refer back to the block 
diagram during the following 
description of the circuit, as it makes 
it easier to understand how every- 
thing fits together. The full circuit 
diagram of the generator is shown in 
Figure 2. 

The image to be displayed is 
stored in two 512 kB x 8 SRAM chips 
(IC1, IC2). Every pair of bytes corre- 
sponds to one pixel and to display 
the image the complete memory 
contents are output using an 18-bit 
synchronous counter, constructed 
around IC9 to IC13. Address line A18 
is used to select one of the two 
images in low-resolution mode; in 
the high-resolution mode it is used 
to select the odd or even lines. 

The names of the addresses from 
the SRAM chips don't correspond 
with those from the address bus. 
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Figure |. This block diagram makes it easier to understand the set-up of the hardware. 


That was done in the design stage 
because it resulted in a simpler PCB 
layout, but it makes no difference to 
the operation of the SRAM chips. 
The data lines of the SRAM chips 
are fed to a pair of latches (IC14 and 
IC15). These latches turn off the 
video signal momentarily during the 
generation of a synchronisation 
pulse or when an image is loaded. 
The latches also make sure that all 
bits of a pixel are presented to the 
three D/A converters (R1 to R27) at 
the same time. Finally, the latches 
make sure that the digital outputs 
have voltages of 0 V or 5 V (not all 
memory chips are capable of this). In 
this case that really is a necessity 
because the D/A converters are cre- 
ated with resistors. Resistors R1 to 
R9 are for the D/A converter of the 
red signal, R10 to R18 are for the D/A 
converter of the green signal and 
R19 to R27 are for the D/A converter 
of the blue signal. The level of these 
three analogue signals can be 
adjusted with presets P1 to P3. 
These signals are then made avail- 
able on connector K4, along with the 
synchronisation pulses. This con- 
nector can be used to connect an 
external colour encoder or a buffer 
stage, so that the RGB signals can 
then be connected directly to the TV. 
The RGB signals and the synchroni- 
sation pulses are also fed to colour 


encoder IC7. This IC converts them into a 
composite video signal as well as an S-video 
signal. 

The synchronisation pulses and a few 
other signals, such as the A18 address line, 
are generated by microcontroller IC4. This 
solution turned out to be cheaper than using 
a dedicated 'synchronisation IC'. The 12 MHz 
clock for IC4 is also used by counters IC9 to 
IC13 for counting the pixels. 

Microcontroller IC3 controls the whole 
generator and also takes care of the down- 
loading of images. During normal operation 
(that is, when an image is displayed) this 
microcontroller does little more than looking 
what happens on the serial port and if the 
push-button on connector K3 is pressed. Con- 
nector K2 is also connected directly to the 
microcontroller. This connector can be used 
for any future expansion or for the (re)pro- 
gramming of the microcontroller. 

When an image has to be downloaded, 
microcontroller IC3 turns off latches IC14 and 
IC15, and takes complete control of counters 
IC9 to IC13. The pixels are then stored into 
the SRAM one by one via the data bus. Once 
all pixels have been stored, the counters are 
freed up again and the latches are enabled; 
the new image will now appear on the 
Screen. 

A few other components are required for 
the correct operation of the test chart gener- 
ator. IC5 is an RS232 driver and is responsi- 
ble for the level shifting that is required 
between CMOS and R$232 signals. IC16 
takes care of the switching of the clock and 
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Figure 2. The complete circuit diagram of the test chart generator. The LEDs and push-button connected to K3 are the only parts of the 


user-interface. 
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TEST MEASUREMENT 


reset signals for the counters. The 
circuit round T1 sets the CE pin of 
the SRAM chips ‘high’ when there is 
no supply voltage present at the test 
chart generator. In that case the 
SRAM chips go in their standby 
mode, which lowers their current 
consumption considerably, making it 
possible to use a backup button-cell 
(BT1) for their supply; the stored 
image is therefore retained. Transis- 
tor T1 doesn't check the supply volt- 
age, but is driven directly by the 
microcontroller and is only turned on 
when the supply voltage to the test 
chart generator has been stable for 


a few hundred milliseconds. 

The circuit round T2 turns off the 
microcontrollers when the supply 
voltage becomes too low. The power 
supply stage consists of two 5 V 
voltage regulators (IC6 and IC8) and 
a handful of decoupling capacitors. 
The colour encoder has its own volt- 
age regulator, making it less suscep- 
tible to interference from the digital 
section, therefore producing a better 
output signal. 

Diode D1 prevents the circuit from 
being powered by backup battery 
BT1 when there is no supply voltage 
present. Resistor R31 functions as a 


current limiter for BT1 and diode D4 prevents 
a charging current from flowing into the bat- 
tery from IC6. Diode D2 is added for reverse- 
polarity protection, so that the whole circuit 
won't be blown up if the supply is acciden- 
tally connected the wrong way round. 


Construction and calibration 


Populating the PCB shown in Figure 3 will 
obviously take a fair amount of time, but it 
isn't very difficult. 

It is best to start with the supply section, 
then connect a 12 V mains adaptor and check 
that voltage regulators IC6 and IC8 provide a 
clean 5 V. The other components can be 


Generating the synchronisation signals 


The generation of the synchronisation signals (often shortened to 'sync signals") takes place in an AT90S1200 microcontroller. This works 
at a clock frequency of 12 MHz and can process almost 12 million instructions per second. This throughput makes it highly suitable for use 
as a sync signal generator. These signals have to be generated fairly accurately, but first we'll explain in detail what sync pulses are and 


what they look like. 


A PAL-standard TV signal has 625 lines per frame, which is repeated 25 times per second. Since a picture that is repeated 25 x per 
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second would appear to flicker severely, a little trick is used to make it appear on the TV screen 50 x per second. The complete picture is 
split into two half-frames. First all the odd lines are shown and then all the even lines. 

If we display 625 lines 25 x per second that corresponds to 15,625 lines per second. One line therefore has a duration of 64 us. Each 
line requires a synchronisation-pulse to make it appear neatly on the screen. This sync-pulse has a width of about 4.7 us; after this is a bit 
of nothing, which is followed by the picture information for that line. These pulses at the beginning of each line are called horizontal syn- 


chronisation pulses (see Figure A). 
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A 
Because the TV also has to know when to start from the 
top of the screen, there is a requirement for vertical syn- 
chronisation pulses. The pulses are a bit more complex 
and appear every 312.5 lines. The vertical sync pulses take 
up 7.5 lines each time, and these lines 


4.7us 


can therefore not contain any picture B 
information (see Figure B). | i 


Several types of pulses are used in 
the vertical sync signal. In Figure B two 
types can be seen. The first is low for 
27.3 us and then high for 4.7 us. The 
second is low for 2.4 us and high for | 
29.6 us. | 623 | 624 | 65 | 1 | 2 | 3 | 4 | 5 | 6 | 7 |8 

i 020295 - 14 

One of the 8-bit internal counters of 
the microcontroller has been used to help the software generate the sync pulses at just the right time. It generates an interrupt every 
16 us and the program uses it every other time, so that a small routine runs every 32 us. 

The program (refer to the source code 020295- | |, which is available on floppy disk or from www.elektor-electronics.co.uk) counts in 
so-called half-lines, of which there are four types. Line type 0 is a line where nothing happens to the sync signal. Type | is a line where 
there is a ‘low’ pulse of 4.7 us for the horizontal sync. In type 2there is a ‘low’ pulse of 2.4 us for the vertical sync. Type 3 is a line with a 
‘low’ pulse of 27.3us and is also used for the vertical sync. During every line the program prepares for the next line and starts from the 
beginning again after 1250 half-lines. 

The microcontroller also outputs a signal that indicates odd or even lines. This signal is used by the test chart generator to display 
high-resolution images. When this signal is ignored, the generator works in its half-resolution mode and the odd and even lines will contain 
the same information. The microcontroller also makes sure that no image information can overwrite the sync pulses. So even when there 
is something wrong with the SRAM contents, the sync pulses will not be affected. 
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Figure 3. Despite the size of the circuit, this sophisticated PCB guarantees a straightforward construction. 


COMPONENTS LIST 


Resistors: 

RI,RIO,RI9 = 18kQ 

R2,R7,R8,R9,R11,R16,R17,R18,R20,R25,R26,R 
27 = 1kQ2 

R3,RI2,R21,R31 = 10kQ 

R4,R13,R22 = 220kQ 

R5,RI4,R23,R36,R37,R38 = 4kQ7 

R6,RI5,R24 = 100Q 

R28 = 47kQ 

R29 = 180kQ 1% 

R30 = 33kQ 1% 

R32,R35 = 100kQ 

R33 = 470Q 

R34 = 3kQ3 

R39,R42,R43 = 75Q 

R40,R41 = 1kQ 

PI,P2,P3 = 1Qk preset 


Capacitors: 
Cl = 39pF 
C2 = 47pF 
C3,C4 = 27pF 
C5-Cl 1,Cl6- 
C21 ,C23,C24,C33,C34,C36,C37 = I00nF 
C12-C15,C27-C29 = |0uF 63V radial 
C22 = 100uF 25V radial 


mounted after that. Presets P1, P2 and P3 
should be set to about one third of their 
range. The lithium button cell should only be 
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C25,C26,C35 = 220uUF 25V radial 
C30,C32 = 10-30pF trimmer 
C31 = 22uF 40V radial 


Semiconductors: 

DI,D2 = IN4004 

D3 = IN4148 

D4 = BAT85 

ICI,IC2 = K6T4008CI C-DB70 (CMOS 
SRAM, 32-DIP 512k*8, 70ns) 
(Samsung) 

IC3 = AT90S8515-8PC, programmed, 
order code 020295-41 

IC4 = AT90S1200-12PC, programmed, 
order code 020295-42 

IC5 = ST232CN (ST) (MAX232 
compatible) 

IC6,IC8 = 7805 

IC7 = AD724JR (16-Lead SOIC!) 
(Analog Devices) 

IC9-ICI3 = 74HC163 

ICI4,ICI5 = 74HC574 

ICI6 = 74HCO0 

ICI7 = 74HC0O2 

TI = BC547C 

T2 = BC557B 


put in its holder once the whole cir- 
cuit functions properly. Figure 4 
shows a photo of the completed 


Miscellaneous: 

BTI = 3V Lithium button cell (e.g., 
CR2032) with PCB mount holder (dia. 
22.75mm) 

KI = 9-way sub-D socket (female), PCB 
mount 

K2,K3,K4 = 5-way SIL-pinheader 

K5 = S-VIDEO 4-way or 6-way mini- 
DIN-socket (female), PCB mount 

K6 = cinch socket, PCB mount, e.g., T- 
709G (Monacor/Monarch) 

K7 = 2-way PCB terminal block, lead 
pitch 5mm 

XI = I2MHz quartz crystal (parallel 
resonance, C),,4 = 30pF) 

X2 = 7.3728MHz quartz crystal 
(parallel resonance, Cig44 = 30pF) 

X3 = 4.433619MHz quartz crystal 
(series resonance, Cload = 30 pF) 

Not on PCB: 

2 high-efficiency LEDs 

Pushbutton, | make contact 

PCB available via ThePCBShop 

Disk, PC software, source- & hex-code: 
order code 020295-11 or Free 
Download 


PCB. Figure 5 shows a close-up of 
SMD IC7, which is mounted on the 
solder side of the PCB. 
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The circuit round crystal X1 
deserves more attention. It is possi- 
ble that the crystal cannot be 
adjusted to exactly 12 MHz. When 
that is the case, the value of C2 
could be lowered to, for example, 
39 pF or 27 pF. If the frequency is 
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not exactly 12 MHz then the values 
given in the circuit will be fine since 
the deviation will only be about 100 
to 200 Hz at most. 

When the complete circuit has 
been carefully built and the 12 MHz 
oscillator has been correctly 
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adjusted, the two LEDs and a push-button 
should be connected to connector K3 as 
shown in Figure 2. When the supply is con- 
nected, one or two of the LEDs should be lit. 
The test chart generator should then be set 
to its test-mode by holding down the push- 
button for a few seconds. When the test chart 
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Figure 4. Photo of the fully populated PCB. 


generator switches into test-mode, the LEDs 
will light up alternately for a while and settle 
with just one lit up. 

A TV can now be connected to the output. 
This should show, assuming everything is in 
order, some colour bars, greyscales or a mix- 
ture of the two. If the screen shows a mixture 
of colour bars and grey scales, trimmer C30 
needs to be adjusted until a stable colour pic- 
ture appears. At this stage the colours may 
still appear a bit strange, but for this we have 
to adjust presets P1, P2 and P3. The easiest 
way to do this is to connect an oscilloscope to 
the composite video output, without any other 
load being present. The test chart generator 
now has to be set to the greyscale mode by 
pressing the push-button once more. The 
oscilloscope should now show a staircase sig- 
nal within the video signal, with a line that 
probably becomes thicker as the level rises 
(that is the colour subcarrier). Presets P1, P2 
and P3 should now be adjusted until the signal 
has a level of 2 Vop: from the lowest level of 
the synchronisation pulse to the top of the 
video signal. The synchronisation pulse 
should be about 600 mV and the video signal 
about 1400 mV. The colour subcarrier should 
hardly be present, so the line on the oscillo- 
scope should be as narrow as possible. 
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Following on, trimmer C30 can 
then be adjusted for a better picture, 
but this isn't as simple as it appears 
because it isn't possible to connect 
a probe directly to X3 or C30. This 
would cause the frequency to drift or 
the oscillator to stop altogether. A 
better solution is to take the mea- 
surement from the colour decoder in 
the TV. This will be locked to the fre- 
quency of X3, or a multiple thereof. 

When the adjustments are com- 
plete, the battery may be inserted. 
When the power supply is turned on 
the voltage at the collector of T1 
should be close to 0 V. When the 
power supply is then turned off, the 
collector voltage should rise to about 
3 V (the battery voltage). It is impor- 
tant to verify this because if the volt- 
age stays at 0 V the SRAM ICs will 
not go into standby mode and the 
battery will drain much more 
quickly. 


Software 


The software for uploading the 
(test) patterns has been kept very 





simple (Figure 6) and can only 
deal with pictures in BMP or JPG 
formats. Under the 'Mode' option 
in the menu you can choose 
between high and half resolution. 
At half resolution there is a choice 
of two images because two of 
them can fit in the memory of the 
test chart generator. When two of 
them have been loaded into mem- 
ory, a push-button can be used to 
switch between them. When load- 
ing an image, the program auto- 
matically scales them so they fill 
the largest possible area on the TV 
screen. It is of course necessary to 
select the correct COM port on the 
PC, which is connected to the test 
chart generator. 


Programming 


The test chart generator is controlled 
via the serial port using a simple 
protocol. For those of you who would 
like to experiment with this your- 
selves, there follows a summary of 
the commands that the generator 
accepts on its serial port. The com- 
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Figure 5. A close-up of SMD IC7, which is on the solder side of the PCB. 


munication settings are as follows: Commands: 

15200 baud, 8 data bits, 1 stop bit HEX-code Function 

and no parity. The string 00h Following this command, 128 
'VGENOPEN' has to be sent first to uncompressed pixels have to 
set the test chart generator into be sent to the test chart gener- 
'command' mode, when it will be ator. Each pixel consists of 2 
able to accept commands. bytes, so 256 bytes have to be 


Videogenerator - Elektor.bmp 
File Mode About 
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Figure 6. Screendump of the PC image loader program with a test pattern. 
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sent in total. 

01h Following this command, 128 com- 
pressed pixels have to be sent to the 
test chart generator. The compression 
is realised by first sending the number 
of pixels concerned (maximum of 128), 
followed by the two pixel bytes. 

02h Turns the video output off and sets the 
circuit into ‘load’ mode. This command 
always has to be sent before using the 
00h and 01h commands. 

03h Turns the video output on again. After 
this command you may not send 00h or 
01h commands. 

04h Resets the counter. The counter has to 
be reset before any picture information is 
sent because this ensures that the stor- 
age of information will start at the top 
of the screen. 

05h Sets pin PD7 of IC3 as an output and 
turns it ‘low’. 

06h Sets pin PD7 of IC3 as an output and 
turns it ‘high’. 

07h Sets PD7 of IC3 to its high-impedance 
state. 

08h Stores the setting of PD7 in the internal 
EEPROM. 

FOh Returns the software version in the test 
chart generator. 

FF  Exits from the command-mode. 


A pixel consists of two bytes that determine 
the colour of the pixel. The table below shows 
how the bits are used in these two bytes. 











Bitno.|7.6|5|4|3,2/|1 |0 
Byte | | G4 | G3 | G2 | R4 R3 | R2 RI RO 
Byte2 | - GI | GO | B4 | B3 B2 | BI | BO 
































There is room for 768 pixels on every picture 
line, of which about 625 are visible. A num- 
ber of black pixels should therefore be added 
to the beginning and end of the line. When a 
complete line has been stored, the next one 
is automatically selected. 

Commands 05h, 06h and 07h are used in 
the display mode to select one of the half-res- 
olution images, by setting PD7 ‘high’ or low'. 
When PD7 is in a high-impedance state, the 
high-resolution image will be displayed. In 
the image-loading mode these commands 
determine where the images are stored in 
memory. For half-resolution images it indi- 
cates if it is the first or second image and in 
high-resolution PD7 indicates if it is the odd 
or even lines that are stored. Command 07h 
should not be used during the image-loading 
mode because it would then become uncer- 
tain where the information is stored. 
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